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1. Introduction 
Some years ago we demonstrated by polyacrylamide 
gel electrophoresis that the detergent sodium dodecyl 
sulphate (SDS) was capable of denaturing ferritin and 
apoferritin into subunits and that the molecular 
weight of these subunits was of the order of 
18 000-19 000 [l] . This finding was later confirmed 
using a variety of techniques [2,3] and is now the 
generally accepted value for the molecular weight of 
the protein subunit. 
Since that time a number of groups, using SDS- 
polyacrylamide gel electrophoresis, have also 
demonstrated the presence of two smaller polypeptide 
species, B and C, of mol. wt 11 000 and 7000-8000, 
respectively [3-61 . Although at present there is no 
definitive evidence as to the nature of the origin of 
peptides B and C, it is clear that they are derived 
from the subunit of mol. wt 18 000-19 000 [4-61. 
Peptides B and C have been purified and it has been 
shown that the sum of their amino acid compositions 
agrees well with the amino acid composition of the 
subunit [5,6] . It has also been shown that a tryptic 
fingerprint of peptide C yields a ninhydrin-negative 
arginine-positive peptide characteristic of the N-acetyl 
blocked serine of the N-terminus of apoferritin. 
Whilst the origin of the two lower molecular weight 
peptides from the subunit is of considerable interest 
to us, we also felt that these peptides could be used 
to good advantage in the protein primary sequence 
studies provided they could be isolated in high yields 
in a purified form. In the course of such peptide isola- 
tion and purification we observed, on deliberate over- 
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loading of SDS gels, a number of additional molecu- 
lar weight species. 
We describe here a novel interpretation of these 
electrophoretic patterns as discussed in relation to a 
number of independent studies by other groups of 
workers both in terms of fundamental subunit struc- 
ture and of the alleged protein microheterogeneity. 
2. Materials and methods 
Ferritin was purchased from Miles-Pentex Corp., 
Mann Research Labs and Boehringer-Mannheim. 
Ferritin from horse spleen, horse liver and human 
liver were also prepared by a modified method [7] 
of that in [8] . 
Apoferritin was prepared from ferritin by reduc- 
tion with thioglycollic acid/acetate buffer, pH 5.5, 
followed by extensive dialysis against several changes 
of 0.01 M phosphate buffer, pH 7.0. 
Gel electrophoresis in the presence of sodium 
dodecyl sulphate was carried out by the method in 
[9] as in [2] whilst electrophoresis in acetic acid- 
urea was performed as in [lo] . 
3. Results and discussion 
3.1. Effect of denaturation time on the electrophoretic 
pattern 
Ferritin was treated with 1% SDS, 1% 2-mer- 
captoethanol in 0.01 M phosphate buffer (pH 7.0) 
for 4 h at room temperature. When 20 pg protein 
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were applied to a gel and electrophoresed (10 mA/ 
gel) for 8 h, three bands were visible on staining the 
gels (see fig. la). These were shown to represent un- 
2 
dissociated protein. subunit dimer (mol. wt 37 000) 
and subunit. 
If the sample was allowed to incubate at room 
temperature overnight prior to electrophoresis then 
the subunit dimer band disappeared (see fig. lb). 
This observation also holds true for samples pre- 
pared by heating at 100°C for 3 min in the sample 
buffer. If the sample is electrophoresed immediately, 
the band corresponding to subunit dimer exists 
whereas no such band is present in material which has 
been left to incubate overnight following this treat- 
ment. 
Two findings here that are worth stressing are that 
under these conditions of sample preparation (1% 
SDS. 1% 2-mercaptoethanol), undissociated protein 
still exists. This observation differs from [ 1 I] where 
it is argued that complete degradation of apoferritin 
into subunits can be attained at >OS% SDS. It should 
be pointed out, however, that these workers also 
include 6 M urea in their sample buffer. The subunit 
dimer band is also visible in the gels published else- 
where and it would appear that it is necessary to 
include a fairly lengthy incubation and/or dialysis 
step in order to eliminate this molecular species from 
the electrophoretic band pattern. 
3.2. Effect of protein concentration 011 the electro- 
phoretic pattern 
In our earlier work on the subunit structure of 
apoferritin by SDSPpolyacrylamide gel electrophoresis 
[2] by the method in [9] we routinely saw one 
band only, that representing the 18 OOOG19 000 mol. 
wt species (see fig.2a). In order to detect peptides B 
and C and the additional bands it was necessary to 
deliberately overload the gels with -1OOG200 pg 
total protein (see fig.?b). Clearly then it is important 
to know the quantity of protein being electrophoresed 
in order to interpret the band pattern accordingly. 
P 
1:ig.l. SDSpolyacrylamide gel electrophorcsis of horse 
spleen ferritin. Effect of denaturation time on the electro- 
phoretic pattern. Gel (a), 4 h incubation at room temperature. 
Gel (b), 18 h incubation at room temperature. In all figures 
shown, the anode is at the bottom and all gels are stained 
with Amido Black. 
3.3. Effect of incubation temperature 011 the clectro- 
phoretic pattern 
Figure 3 shows the effect that increasing the 
temperature of the sample buffer has on the distribu- 
tion of molecular species. 
With gels which are normally loaded, little change 
appears in the electrophoretic pattern (i.e., a single 
band) until -90°C. At >9O”C trace amounts of the 
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Fig.3. SDS-polyacrylamide gel electrophoresis of horse 
spleen ferritin. Effect of incubation temperature on the 
electrophoretic pattern. Gels (from left to right): 5 ~1 sample 
at 62°C 50 ~1 sample at 62°C; 5 ~1 sample at 82°C 50 ~1 
sample at 82°C; 5 ~1 sample at 87’C, 50 ~1 sample at 87°C; 
5 ~1 sample at 92°C. 50 ~1 sample at 92°C; 5 1.11 sample at 
lOO”C, 50 JL~ sample at 100°C; (sample maintained at each 
temperature for 30 mitt). 
Fig.2. SDS-polyacrylamide gel electrophoresis of horse 
spleen ferritin. Effect of protein concentration on the 
electrophoretic pattern. Gel (a), 5 ).11 sample. Gel (b), 50 ~1 
sample. 
other components (7000-8000,ll 000, 15 000 and 
22 000-23 000) are just visible. 
With gels which are deliberately overloaded it 
appears that as the temperature increases the amounts 
of B and C increase. This observation previously led us 
to believe that B and C were the results of a specific 
heat-generated scission of the apoferritin polypeptide 
chain (C.F.A.B. and W. Kiddie, unpublished observa- 
tion). However, the amount of subunit also increases 
while the amount of undissociated protein decreases. 
If we have an equilibrium between undissociated 
protein, dissociated subunit and B and C peptides 
then an increase in temperature merely moves the 
equilibrium over in favour of dissociated material. 
Since the proportion of B and C to subunit does not 
vary significantly over this temperature range, this 
would argue against the view that B and C peptides 
are the results of thermal degradation of the intact 
subunit polypeptide. 
In the course of this study we also tested the apo- 
ferritin sample by treating it at 100°C for 3 min since 
this appears to be the method most often used 
2.59 
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nowadays in sample preparation. The results are shown 
in fig.4. In a sample so treated we can clearly identify 
7 specific bands representing undissociated protein, 
subunit dimer, 22 000-23 000 mol. wt polypeptide, 
subunit, 15 000 mol. wt polypeptide, peptide B and 
peptide C. 
We can account for each unique electrophoretic 
band in the following way: 
(i) 1% SDS, 1% 2-mercaptoethanol is not sufficient 
to dissociate all the protein, especially in the case 
of short incubation times. 
(ii) The subunit dimer is an intermediate in the disso- 
ciation of apoferritin/ferritin monomer [ 121 . We 
have already shown that this molecular weight 
species can be eliminated by increasing the time 
of incubation in detergent. 
(iii) The subunit is the basic structural component of 
the apoferritin/ferritin monomer. 
(iv) Peptides B and C are derived from the subunit by 
some form of specific proteolysis. 
(v) The 22 000-23 000 mol. wt species is the result 
of dimerization of peptide B. 
(vi) The 15 000 mol. wt species is the result of dimeri- 
zation of peptide C. 
In terms of the dissociated material, then the 
subunit, peptide B and peptide C are, to all intents 
and purposes, basic to the structure whilst the other 
bands are secondary and result from polymerization 
either via disulphide interchange or hydrophobic 
interaction of peptides or SDS-peptide complexes. 
1 
Fig.4. SDS-polyacrylamide gel electrophoresis of horse 
spleen ferritin. Sample (50 ~1) prepared by incubating at 
100°C for 3 min. 
3.4. Effect of the corwentratiorl of SDS arld 2-mer- 
captoethanol OH the electrophoretic pattern 
Preliminary work in this study indicated that an 
increase in SDS concentration resulted in a decrease 
in the concentration of B. This is at present being 
studied more extensively in a quantitative manner. 
Certainly what appears to be the case is that at 
50.05% SDS the gel patterns become uninterpretable 
smears. At? 7.5% SDS, the resolution between sub- 
unit, peptide B and peptide C is greatly improved (see 
figs). 
At low concentrations of 2-mercaptoethanol it 
proved difficult to discern discrete bands. This again 
improved by raising the concentration. 
Interestingly, we also showed in preliminary studies 
that BB was not apparent when denaturation times 
were short but was visible in the same sample fol- 
lowing more extensive incubation. It can be argued 
that in a short denaturation time, the concentration 
of B is not very high and hence the concentration of 
BB will be correspondingly low whereas with longer 
incubation times the concentration of B is higher and 
so BB is also present at a higher concentration and 
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Fig.5. SDS-polyacrylamide gel electrophoresis of horse 
spleen apoferritin. Effect of (SDS) on electrophoretic 
pattern. Gel (a), 1% SDS. Gel (b), 10% SDS. 
therefore more likely to be detected on the gels. 
In all our studies on the effect of various param- 
eters on the gel electrophoretic patterns we were 
able to interpret the experimental data in terms of 
our proposed model. 
Similar studies have been carried out [4,5] although 
only the 23 000 mol. wt species was found using 
SDS-Tris-glycine buffer system. They found that 
they could eliminate this band by prior treatment with 
2-mercaptoethanol. These workers interpretation of 
the 15 000 mol. wt component is different from the 
one discussed here. They found that the 15 000 
mol. wt component was not present following 
treatment with 2-mercaptoethanol or dithiothreitol 
and that it was possible on isolation and purification 
to generate from this material components of mol. wt 
19 000, 11 000 and 7000-8000. They argue that the 
‘15 000’ species has in fact mol. wt 19 000 but 
because of a tight intact disulphide bridge the mole- 
cule has a higher mobility than expected. This we 
have been unable to demonstrate. An alternative 
explanation is that on isolation of CC (the 15 000 
mol. wt species) a small amount of band B was 
included. This mixture could then give rise to BC 
(19 000 mol. wt), B and C. 
During these studies and independent ones with 
ferritins and apoferritins isolated from a variety of 
sources, we observed a remarkable parallel between 
the gel patterns obtained on electrophoresis in the 
presence of SDS and those obtained on electrophoresis 
in acetic acid-urea, both in terms of the number of 
bands present and the intensity of staining. 
For this reason we would like to present an alter- 
native interpretation of the electrophoretic patterns 
obtained in acetic acid-urea gels to that proposed 
[lo] . In our interpretation we assume that the L- 
subunit (as proposed [ 131 is in fact the basic 
18 000-l 9 000 mol. wt subunit whereas the H 
subunit represents the dimer of B rather than an iso- 
ferritin subunit. The two bands which are apparent 
below the subunit are peptides B and C as in the 
case of SDS-polyacrylamide gel electrophoresis. In 
some acetic acid-urea gels a band corresponding to 
subunit dimer is also present. 
The significance of this interpretation cannot be 
overestimated. In an earlier study [ 141 it was reported 
that horse liver ferritin appeared to give rise to two 
bands corresponding to mol. wt 18 000 and 21 000 
although any attempts to isolate the heavier molecular 
weight species were unsuccessful. The reason for this 
in part could be explained by BB being converted 
back to B some of which may be lost on extensive 
dialysis. 
We are at present isolating each molecular weight 
species described in this communication by a variety 
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of techniques and once we have these in high yields 
and purified it should be possible to characterize 
these extensively and so provide an unequivocable 
interpretation of the gel electrophoretic patterns. 
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